Pigs are considered the main reservoir of Yersinia enterocolitica, hence understanding the ecology of 25 this foodborne pathogen at the farm level is crucial. We calculated Bayesian estimates for the ability 26 of a commercial ELISA diagnostic test kit to detect antibodies against pathogenic Yersinia in pigs. The 27 sensitivity and specificity of the test were 75.4% and 98.1%, respectively. We also studied the 28 dynamics of Y. enterocolitica infection in three farrow-to-finish pig farms by following the same 30 29 pens of pigs through their lifetime from farrowing unit to slaughterhouse. Each farm was sampled four 30 times, and 864 fecal and 730 serum samples were collected altogether. 31
Newborn piglets are negative for Y. enterocolitica. Piglets start excreting the pathogen in feces around the 64 age of 1-3 months with peak of excretion around the age of 2-5 months, the fecal prevalence starts reducing 65 thereafter, and pigs tend to remain seropositive for longer periods ( A commercially available enzyme-linked immunosorbent assay (ELISA) has been used to 81 determine antibodies against pathogenic Yersinia in pigs. However, no diagnostic test should be considered 82 fully sensitive and specific. Therefore, we have calculated Bayesian estimations for the sensitivity and 83 specificity of the ELISA test (Vilar et al., 2015) . The updated estimates are needed, because the manufacturer 84 has revised the test and increased the recommended cut-off value. 85
The aim of our study was to assess the dynamics of Y. enterocolitica infection in three farrow-86 to-finish pig farms. In addition, we studied the prevalence of pathogenic Y. enterocolitica and the 87 seroprevalence of Yersinia antibodies in the tonsils of sows collected at slaughterhouses.
Materials and Methods 89 90

Experimental plan and sampling 91
To assess the dynamics of pathogenic Y. enterocolitica in pig farms (study I), three Finnish farrow-to-finish 92 farms (A-C) with known Yersinia positivity were followed in a longitudinal study. From each farm, pigs from 93 six pens (mean 7.3 pigs per pen) were followed throughout their lifetime (i.e. from farrowing units to weaning 94 and fattening units, and finally the slaughterhouse). In farm B, two subsequent longitudinal follow-ups were 95 performed at a nine-month interval to study the persistence of pathogenic Y. enterocolitica strains in the 96 farm; 12 pens were included in the second follow-up. Pigs from different pens were not mixed, except in the 97 fattening unit of farm C, where the pigs were regrouped in two larger pens of approximately 20 pigs each. 98
Conventional straw bedding was used in all the farms and units, except the fattening unit of farm C, which 99 used deep peat bedding. All-in/all-out management systems were used in the weaning units of farms B and 100 C to avoid any contact between pigs from different groups. In contrast, the weaning unit of farm A and the 101 fattening units of all the three farms used continuous management systems. 102
At the farms, pens were sampled four times, approximately once per month. On average, feces 103 and blood samples were collected from 96% and 88% of the pigs from every pen, respectively. Furthermore, 104 fecal samples were collected from the mother sows (n = 24) during the first sampling at all but farm A. Rectal 105 swabs were used for piglets (first sampling), and also for older pigs if feces could not be collected. Finally, 106 150 tonsils were collected at the slaughterhouse (last sampling). 107
To assess the prevalence of pathogenic Y. enterocolitica and the seroprevalence of Yersinia 108 antibodies in sows, tonsils of 266 sows from 115 farrowing farms were collected from two Finnish 109 slaughterhouses (study II). 
Results 156 157
Performance of the ELISA test 158
The recalculated estimates for the sensitivity and specificity of the commercial ELISA test were 75.4% and 159 98.1%, respectively (Table 1) were found in a total of 38.2% of the blood samples (279 of 730). In the farrowing units (first sampling), no 166 pathogenic Y. enterocolitica was detected, although some piglets were seropositive (Table 2 ). In addition, all 167 the 24 fecal samples taken from sows in the farrowing units were negative. In the weaning units, the 168 pathogen was detected in all of the pens of farm A but not in pigs of farms B and C, which used all-in/all-out 169 management systems (Table 2 ). In the fattening units using continuous management systems, most of the 170 pens were positive. At slaughter age, 96.3% of the pigs carried pathogenic Y. enterocolitica in their tonsils 171 (Table 2) . genotypes (n = 14) was found in the fattening unit of farm C (Table 3) . During the follow-ups of A, B-I, B-II and 180 C, 2, 5, 8 and 1 new MLVA types were found in the slaughterhouse, respectively. 181
Prevalence of Y. enterocolitica in the tonsils of sows (study II) 183
Pathogenic Y. enterocolitica was detected in 6.0% (95% CI: 3.5-9.6%) of the tonsil samples of sows. All the 16 184 positive sows carried Y. enterocolitica bioserotype 4/O:3 positive for the ail gene, whereas 10 strains were 185 positive for the virF gene. Yersinia antibodies were detected in 77.1% of the sows, and according to our 186 Bayesian model, the true seroprevalence was 95,8% (Table 4 ). The sows that tested positive by culturing and 187 serology originated from 14 and 104 farms, respectively. Antibodies against Yersinia were detected from 188 tonsils significantly more frequently than pathogenic Y. enterocolitica was detected by culturing The seropositivity of some piglets already at farrowing units is most likely due to colostral 202 maternal antibodies. Seropositivity levels generally increased later than fecal prevalence, which was 203 expected, since antibodies take time to develop (Nielsen et al., 1996) . With the exception of farm C, the 204 seropositivity levels were high by the fourth sampling, which indicates a wide transmission of pathogenic 205 Y. enterocolitica in the pig populations. Pigs from farm C had been moved from an all-in/all-out weaning unit 206 into a continuously filled fattening unit later than pigs from the other farms. This could explain why only 207 some of the pigs were seropositive despite being fecal carriers by the fourth sampling. 208
In the fattening unit of farm C 14 different MLVA types were found. The use of deep peat 209 bedding that can provide a reservoir for pathogenic Y. enterocolitica or the high number of pigs per pen 210 might explain the highest amount of detected MLVA types. The pigs were regrouped from six smaller pens 211 into two larger pens, which possibly enhanced the spread of the pathogen. A similar amount (n = 13) of 212 MLVA types were found in the fattening unit and slaughterhouse during the second follow-up of farm B (B-213 II). However, 12 pens (instead of six, as in the other farms) were studied, which may explain this result. 6 Table 2 . Prevalence of Yersinia enterocolitica 4/O:3 in feces of pigs collected at farrow-to-finish farms and tonsils of pigs collected at abattoirs; prevalence of Yersinia antibodies in serum of pigs collected at farrow-to-finish farms. 
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c Estimate for the true prevalence of positive pigs ± 95% probability interval using Bayesian methods as described by Vilar et al. (2015) . Note that revised sensitivity and specificity values for the commercial ELISA test were used (Table 1) Wean.
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